The drifting snow is one of the most important factors that affect the global 9 ice mass balance and hydrological balance. Current models of drifting snow are 10 usually one-or two-dimensional, focusing on the macroscopic quantities of drifting 11 snow under temporal average flow. In this paper, we take the coupling effects between 12 wind and snow particles into account and present a 3-D model of drifting snow with 13 mixed grain size in the turbulent boundary layer. The Large Eddy Simulation (LES) 14 method is used for simulating the turbulent boundary layer of the wind field and the 15 3-D trajectory of every motion snow particle is calculated through Lagrangian Particle 16 Tracking method. Both simulation and experimental results agree well. The results 17 indicated that the motion trajectories of snow particles, especially the small snow 18 particles, are obviously affected by the turbulent fluctuation and the particle 19 movement enhance the turbulent fluctuation in turn. the The visualized observation of 20 drifting snow in the turbulent boundary layer demonstrates has apparent 3-D structure 21 and snow streamers, which lead to an intermittent transport of the snow particles and 22 spatial inhomogeneity. , and the motion trajectories of snow particles, especially the 23 small snow particles, are obviously affected by the turbulent fluctuation. The macro 24 statistics of drifting snow indicates that the variation of spanwise velocity of snow 25 particles increases withalong height depends on the friction velocity and is one order 26 smaller than that of streamwise velocity. Furthermore, the diameter distribution of 27 snow particles in the air along the height shows a stratification structure.
(2) 104 where the tilde symbol indicates the filtered variables and the line symbol represents is an empirical relation of the particle Reynolds number p Re (Clift et al., 1978) : In the equation (2), e is the SGS TKE, th ν and tv ν stand for the horizontal and 120 vertical eddy viscosities, respectively, 3θ t is the subgrid heat flux, and e indicates 121 the dissipation rate of SGS TKE. p T and L T represent the particle response time 122 and the Lagrangian correlation timescale, respectively, and can expressed as are the velocity of the particle and the fluid velocity of 134 particle position at time t , respectively.
135
It is worth noting that the inertia effect of snow particles is considered by 136 evaluating the maximum particle response time, so the particle motion is the 137 dynamical calculation of time step, which is guaranteed to be less than the maximum 138 particle response time. where t is the local surface shear stress and t t is the threshold shear stress.
Obviously, if t of every position in the computation domain is always smaller than
is more suited to snow as reported by Clifton et al. (2006) .
151
The coefficient takes the form of 153
The initial velocity of entrained particles follows a lognormal distribution with 154 mean value * 3.3u ( * u is the friction velocity), which is consistent with the 155 measurements of saltating snow in wind tunnel (Nishimura and Hunt, 2000) and has 156 been adopted by drifting snow studies (Clifton and Lehning, 2008; Groot et al., 2014) .
157
And the initial take-off angle can be described by a lognormal distribution with a 158 mean value of 4 (75 55(1 exp( 1.75 10 ))) Clifton and Lehning, 2008) .
159
The collision of saltating particles with the bed surface is a key physical process in 160 saltation, as it will rebound with a certain probability and may splash new saltating 161 particles into the air (Shao and Lu, 2000) . Kok and Renno (2009) The grain-bed interaction is a stochastic process, in which the impact When a 167 moving particles impact on the bed, it may rebound into air againmay rebound with a 168 certain probability. If a particle rebounds into the air, it can be described using three 169 variables: the velocity reb v , the angle toward the surface reb α and the angle toward a 170 vertical plane in the streamwise direction reb b .
171
The rebound probability can be expressed as (Anderson and Haff, 1991) : Recent experiment shows that the fraction of kinetic energy retained by the 179 rebounding particle approximately follows normal distribution (Wang et al., 2008) : 
where p d is measured in the unit of micrometer.
199
However, the angle reb b was rarely involved in previous studies and may not The newly ejected particles and the 'dead particles' (not rebounded) will reach 204 equilibrium when the saltation process becomes stable.
205
The number of newly ejected particles is usually proportional to the impact 206 velocity and can be written as (Kok and Renno, 2009) :
where a is a dimensionless constant in the range of 0.01-0.05. This value affect the 209 'saturation length' (total transport rate of drifting snow reached equilibrium) to a great 210 extent. We find that 0.03 a = is closer to the observation of drifting snow in the wind 211 tunnel (Okaze et al., 2012) . While this parameter will not influence the steady state of 212 drifting snow because we found the percentage of eject particles is always less than 213 3% in the fully developed drifting snow. D is the typical particle size ( p d in this 214 paper), imp m is the mass of impacting particle and ), D is the typical particle size ( p d in this paper, imp m is the mass of 217 impacting particle and ej m is the average mass of ejection grains.
218
Once a new particle is splashed into the air, it can also be characterized by its 219 velocity ej v , its angle toward the surface ej α and its angle toward a vertical plane in 220 the streamwise direction ej b .
221
The speed of the ejected particles is exponentially distributed. Kok and Renno
222
(2009) developed a physical expression of the average dimensionless speed of the 223 ejected particle as follow:
where ej λ is the average fraction of impacting momentum applied on the ejecting 226 surface grains. We choose 0.15 ej λ = in this paper, which corresponds to the 1 experimental observation of sand by Rice et al. (1995) .
228
where ej λ is the average fraction of impacting momentum applied on the ejecting 229 surface grains. We choose 0.15 ej λ = in this paper.
230
Kok and Renno (2009) indicated that the angle ej α approximately follows an 231 exponential distribution and its mean value is 50°, which was also adopted by Groot Additionally, The the snow particles have circulatory motion in the lateral boundary 267 and they will disappear when moving out of the outlet in the end of the domain..
268
The size distribution of snow particles in this paper is fitted to the experiment 269 results obtained from field observations of SPC (Schmidt, 1984) , that is
where α and b are the shape and scale parameters of gamma-function distribution 272 and we choose a value of 4.65 and 75.27, respectively. Every new ejection or 273 entrainment particle will be given a random size from above distribution and will be simulation are significantly more than those captured in the experiments ( figure 6(b) ).
333
This is mainly because the mean velocity of snow particles increases with height 334 increasing, our measurement is mainly set at lower positions due to the limitation of 335 instrument and thus part of high-speed particles are not being captured.
336
A more detailed statistics of the percentages of particles that moving at different 337 velocities are showed in figure 6(c). The field observation of Greeley et al. (1996) 338
showing that the proportions of saltating sand particles with velocity smaller than 339 1.5 / m s and greater than 4 / m s are greater than 59% and smaller than 3%, 340 respectively. However, the proportion of snow particles with the velocity smaller than 341 1.5 / m s is in general smaller than 48% and the percentage of particles with velocity 342 greater than 4 / m s increase with the increasing friction velocity. It can be found 343 that the drifting snow has more high-speed particles than saltating sand, which is 344 mainly because the density of snow particles are significant smaller than sand and 345 they are more easily suspended and followed.
346
Finally, figure 7 shows the mean size of snow particles along height in the air at 347 different friction velocities and compared with the experimental result of Gromke et al.
348
(2014). All the data have been normalized to the average diameter of overall snow 349 particles. It is clearly that the mean diameter of snow particles in the saltation layer 350 slightly decreases with the height increasing, which is also consistent with the 351 observation of previous works (Nishimura and Nemoto, 2005) . However, it appears 1 that the mean diameter increase with increasing height above the saltation layer. The
353
main reason may be that the small particle trends to carry smaller inject velocity, 354 while the larger particle is just the opposite due to the stronger inertia. The rebound 355 velocity is proportional to the incident velocity and thus larger snow particle will 356 rebound with a bigger initial velocity. It can be observed from Figure 6 11 that snow streamers with high saltating 427 particle concentration obviously swing forward along the downwind direction, 428 merging or bifurcating during the movement. It can also be found that the snow 429 streamers with elongated shape differ greatly in length, but only 0.1~0.2 m in width.
430
From the corresponding slices of wind velocity cloud map, it can be seen that many layer.it can be found that the particle concentration shows a direct proportional 439 relationship with the local wind velocity, that is, only few snow particles present in 440 the low-speed streaks.
441
The in-homogeneous take off and splash of the snow particles in the turbulent 442 wind field are the main reasons for the formation of snow streamers. The shape and 443 size of streamers largely depend on the flow structure of the turbulent boundary layer.
444
In addition, during the full development of drifting snow, the saltating particles and 445 wind field are in the state of dynamic balance due to the feedback effect of each other.
446
When the number concentration of snow particles at a certain position is high enough, 447 the local wind velocity will be significantly reduced, resulting in a lower splash level.
448
Thus the streamer will gradually weaken or even disappear. In contrast, the local wind 449 speed in the low concentration region will increase, which enhances the splash 450 process, so the snow particles will grow rapidly and form a streamer. Furthermore, the 1 fluctuating velocity may also change the movement direction of snow particles. All 452 the above reasons together cause the serpentine forward of the snow streamers. ; while at the 474 height of 0.2 m, the former is 176.32 times greater than the latter. Therefore, it is 475 concluded that the significant increase of snow particles at the higher position is the 476 major contributor to the increase of STR at higher wind speed mainly because the 477 snow particles in the higher speed flow field can acquire more energy from the air and 478 will rebound with a higher velocity. 1996) showing that the proportions of saltating particles with velocity smaller than 512 1.5 / m s and greater than 4 / m s are greater than 59% and smaller than 3%, 513 respectively.
514
It should be noted that the high-speed particles in our simulation are significantly 515 more than those captured in the experiments (Figure 9(b) ). This is mainly because the 1 concentration of snow particles decreases with height increasing, making it 517 increasingly difficult to be captured the high-speed snow particles.
518
Firstly, the spanwise velocity of snow particles in the air is analyzed. As shown 519 in Figure figure 10 11shows trend to increase with the increasing wind speed. This provides a reference for use the 547 probability distributions of initial take-off speed.
548
Although there is no obvious difference in take-off velocity at different wind 549 velocity, we can see that a large amount of particles may saltate at higher saltation height and greater friction wind speed. It may be inferred that turbulent fluctuation 551 plays an important role in the lifting of snow particles. (1984) . This is mainly because larger particles withstand 565 greater drag force in the air during the movement process and have higher impact 566 velocity. Therefore, they will rebound with higher initial velocity because the rebound 567 velocity is proportional to the incident velocity. In this study, thewe establish a 3-D drifting snow model process with mixed 570 particle size in the turbulent boundary layer is performed, simulate the development 571 process of drifting snow with mixed particle size and draws the following main 
